Historically, mule deer (Odocoileus hemionus) had a distribution area as large as the Chihuahuan Desert in Mexico, but in recent years, its populations have decreased and distribution areas have become isolated. This species exhibits a high degree of intraspecific variation in its use of habitat resources and home range size. In the Mapimí Biosphere Reserve, where the southernmost population of mule deer is located, over the course of 3 years, 7 females and 1 young male mule deer were monitored using radiotelemetry. Based on the deer location data, home range and habitat use were estimated for each deer. The mean (± SD) home range size for females was 14.70 km 2 (± 5.89), the home range of the male was 18.05 km 2 . These estimates are among the smallest reported for the species. During the dry season, the use of certain topographic characteristics of the habitat was more similar among the individual deer than it was during the rainy season. The group of deer we sampled did not show preference for any particular type of vegetation, but rather used the majority of plant associations, depending on their availability. Preference was only exhibited by individual deer. The young male made use of the habitat similar to that of most of the females.
the formation of a home range occurs in response to a process of natural selection that seeks to maximize obtaining resources that allow the animal to survive and reproduce (Burt 1943; Mitchell and Powell 2004; Börger et al. 2008; Mitchell and Powell 2012; Powell 2012) .
Mule deer (Odocoileus hemionus) are distributed throughout North America, in a wide variety of environments that range from temperate forests to deserts (Anderson and Wallmo 1984; Geist 1998) . Throughout its distribution, the species exhibits a good deal of intraspecific variation in the use of habitat resources and home ranges, even within a given population (Wallmo 1981) . The mule deer is known to be a gregarious species (Kucera 1978; Anderson and Wallmo 1984; Geist 1998) , in which the groups are mainly formed based on kinship between females and offspring from different generations, but such groups are highly dynamic, members of the same vary from at any moment. The formation of these groups has been reported to respond to site seasonality and factors intrinsic to the individuals, such as reproduction (Geist 1998; Mackie et al. 2003) , so when the females are about to give birth and are raising their fawns, they keep the offspring of previous years away, resulting in the separation of the group (Hungerford et al. 1981) . In Mexico, mule deer originally occurred throughout a large part of the Chihuahuan Desert; however, poaching and habitat destruction (Martínez-Muñoz et al. 2003) , in addition to the expansion of cattle ranching in the northern part of the country (Galindo-Leal 1993; Sánchez-Rojas and Gallina 2006 Gallina , 2007 Gallina , 2008 , have reduced its populations and its distribution areas. Additionally, mule deer populations are spatially structured like metapopulations, so its populations inhabit geographically isolated patches, often surrounded by areas of habitat that is unsuitable for them (Sánchez-Rojas and Gallina 2006; Wade and McDonald 2010) . Research on mule deer in Mexico is scarce, so there is limited information about the biology and ecology of this species. The management and use of this deer is mostly based on what is known about the populations in the United States.
In this study, we monitored the movement of 8 mule deer in a desert region over 3 years. We estimated the extent of their home ranges and habitat use using variables that represent the land's topography and the characteristics of plant associations, to see if home range or habitat use varied as a function of season and the individual deer being tracked. We hypothesized that while the populations of mule deer in the Chihuahuan Desert have been found in mountains and on hills that are characterized by very heterogeneous topography Gallina 2000a, 2000b; Esparza-Carlos et al. 2011) , the characteristics of the habitat they use within these areas vary seasonally. We predicted that during the season of greatest environmental stress (the dry season), deer locations would reflect their greater use of the sites with the most irregular topography, because they offer shade and refuge from predators, favoring the deer's escape. These sites also allow the deer to move shorter distances to obtain food resources and access water. The selection of these areas would in turn result in smaller home range sizes, in contrast to those of the rainy season.
Materials and Methods
Study area.-This study was conducted in the Mapimí Biosphere Reserve (MBR), a region representative of the Chihuahuan Desert that is also a Protected Natural Area under the aegis of MAB-UNESCO's World Biosphere Reserve Network (Montaña 1988a ). The reserve is located at the junction of the states of Durango, Chihuahua, and Coahuila, in Mexico ( Fig. 1 ) and covers 342,387 ha (SEMARNAP 2000) . Elevation within the reserve ranges from 1,100 to 1,650 m a.s.l. The highest hills are small isolated volcanic massifs and calcareous ranges such as San Ignacio hill, this study was conducted around it (26°42′, 26°38′N, 103°42′, 103°48′W). The climate is dry and extreme semi-warm with summer rains. Mean annual precipitation is 271 mm. The rainy season occurs from July to October and the dry season, from November to June. The mean annual temperature is 20.8°C, the mean winter minimum is 3.9°C, and the mean summer maximum is 36.1°C (Montaña and Breimer 1988; CONANP 2006) .
The landscape within the reserve is heterogeneous, and 7 landscape elements were identified based on their geomorphological and soil characteristics. These include the vegetation types included in this study (see "Habitat use analysis" section): Southern Playa Zone (17.92% of the total area); Northern Playa Zone (6.21%); Bajadas and hills of igneous and sedimentary origin (36.7%); Aeolic-fluvial Transition Zone (8.84%); Dune Zone (12.80%); Bajadas and Sierras of calcareous (17.07%); and Basaltic Lava Zone (0.46%- Montaña and Breimer 1988) .
Mule deer population density in the MBR can range from 0.70 to 4.21 deer/km 2 (Sánchez-Rojas and Gallina 2000b). The main predators of the mule deer in the MBR are puma (Puma concolor) and coyotes (Canis latrans- Whittaker and Lindzey 1999; CONANP 2006; Esparza-Carlos et al. 2011 ). There are cattle and horses in the region and a population of collared peccary (Pecari tajacu) that was introduced approximately 13 years ago. There are no white-tailed deer (O. virginianus) in the study site.
Mule deer capture.-Deer were captured during the dry season, which coincides with the reproductive season, because they are more active and the females are not pregnant. Deer were captured in 2011 and 2012. Drop-nets (dimensions: 15 × 15 m, opening: 10 × 10 cm) were placed in open areas where the deer had been seen regularly. Horse feed and water were used as attractants, put into place at least 15 days before beginning the captures. All animals were fitted with color-coded radiocollars transmitting at a specific frequency (VHF with movement sensor, model 400; TELONICS, Inc., Meza, Arizona), with signals ranging from 150 to 152 MHz. Deer were captured and handled according to the methods approved by the American Society of Mammalogists (Sikes et al. 2011 ) and authorized by the Mexican Ministry of the Environment, la Secretaria de Medio Ambiente y Recursos Naturales, under permits 00234 and 00954.
Radiotelemetry.-From January 2012 to August 2014, deer locations were recorded. Deer were located every hour during continuous 24-h-long cycles using type TR-2 and TR-4 receivers. Readings were made simultaneously at 2 fixed stations using Yagui (TELONICS, Inc., Meza, Arizona) receiving antennas (2 of 4 elements) with a null peak, located at elevated sites. When it was not possible to locate a deer from the stations, the animal was sought during field excursions using portable type H antennas. Two or 3 cycles were recorded per deer, approximately every 2 months and throughout the 32 months of the study.
Error estimates were determined using radiocollars with known locations to determine the mean bearing error and SD (2.8° ± 3.15- White and Garrott 1990; Withey et al. 2001 (ESRI 1999; Hooge et al. 2001 ) to estimate home range size and the core area with the Fixed Kernel method using 95% and 50% of the observations, respectively (Kernohan et al. 2001) . The smoothing parameter (h) for each estimate was obtained using the least squares cross-validation method (Kernohan et al. 2001) . Home range was only estimated when there were more than 30 locations per deer and per season (Seaman et al. 1999) . The difference in home range size between seasons was evaluated with Wilcoxon's test to compare the median values. We also calculated the degree of overlap between the home ranges between seasons, with respect to the entire area occupied over both seasons.
Habitat use analysis.-Habitat use was estimated for each deer using the locations recorded by radiotelemetry during the dry and the wet seasons. We analyzed habitat selection at the spatial scale at which selection determines the home range within the population's distribution (2nd-order selection proposed by Johnson 1980) .
We chose variables related to the topography of the land and types of plant associations to evaluate habitat use. Four variables were derived from a digital terrain model with a resolution of 15 m per pixel: distance to the nearest body of water (m), elevation (m a.s.l.), slope (degrees), and sun exposure (degrees). Values of the latter variable (continuous) were assigned to 8 categories of orientation after analysis in order to improve interpretation: North (0-22.5° and 337.5-361°), Northeast (22.5-67.5°), East (67.5-112.5°), Southeast (112.5-157.5°), South (157.5-202.5°), Southwest (202.5-247.5°), West (247.5-292.5°), and Northwest (292.5-337.5°).
We used a Quickbird image from 2005, with a resolution of 60 cm per pixel, which was improved using ERDAS Imagine 9.1, to create an image of plant cover representative of the plant associations, developed in ArcMap 10.0. Plant associations were delimited manually based on field records, knowledge of the area, and the vegetation map of the area proposed by Montaña (1988b) . We obtained 10 plant associations, named according to their most dominant species, as suggested by Montaña (1988b) Fouquieria splendens (Lt Om and Fs); 8) Larrea tridentata, Agave asperrima and Fouquieria splendens (Lt Aa and Fs); 9) Larrea tridentata and Opuntia rastrera (Lt and Or); and 10) vegetation associated with a water body (Vwb). Although this last association is immersed in some of the previous 9 classifications, we decided to separate it because it is so important to the deer.
Habitat use was estimated 2 ways. Our 1st estimate was made using the continuous data associated with the orography of the land, examining whether there were differences between the habitats used by the deer and, if so, in which variables the differences were greatest. For this, we ran a discriminant function analysis (DFA) in Statistica 7.0 (StatSoft 2004). We used the square of the Mahalanobis distances obtained in the DFA to measure the distance between the centroid for each deer and to see whether there was any similarity in habitat use. The greater the distance between the centroids of different deer, the greater the confidence that they are using different habitats (Manly 2004) . Differences within each variable were evaluated using a multivariate analysis of variance run in Statistica 7.0 (StatSoft 2004).
The 2nd estimate for evaluating habitat use was a goodness of fit test (χ 2 ) using categorical data (plant associations) to determine if the use of vegetation by individual deer depends on plant association type or not. To evaluate the use of different plant associations relative to their availability, we examined the adjusted residuals (Haberman 1973) , as the proportion of individual deer that selected each plant association type in proportions greater (preference) or less (avoidance) than that expected by chance. The adjusted residuals have a normal distribution, so if their absolute value is greater than ± 1.96, there is a 95% chance they are not a random effect, indicating a significant effect (Haberman 1973) .
results
Data recording.-Nine deer were captured (1 male and 8 females) as a result of a 95-day capture effort. One female was killed by a predator approximately 3 months after her capture, so there were few records of her location and they were not used in the analysis. Seven of the 8 deer may belong to the same social group since some were captured together and were observed in different temporary groups in later sightings. Each deer was identified based on the color of the collar it had been fitted with and follow-up varied between years owing to the animals dying and the batteries of the radiocollars running out.
We recorded the locations of the deer over 328 days/deer. A mean (± SD) of 307.6 (± 177.7) locations was recorded for each deer over the entire study, with 218.1 (± 115.1) during the dry season and 119.5 (± 42.9) during the rainy season (Table 1 (Table 2) . Five deer increased the size of their home range during the rainy season, whereas the core area only increased for 3 deer during this season. There were no significant differences between seasons in the females' home range (W = 26, d.f. = 11, P = 0.202) or core area size (W = 21, d.f. = 11, P = 0.638). Individual deer used different areas between seasons, and their home ranges only overlapped by a mean of 22.35% with respect to the entire area occupied each season. For the core area, overlap was only 19.41% (Table 2) .
Habitat use.-Over the course of the study, the mean distance between the deer and the nearest body of water was 1,052.79 m, mean slope was 2.39°, mean sun exposure was 336° (Northwest, calculated based on a circular distribution, see Zar 2010), and mean elevation was 1,162.79 m a.s.l.
In the exploration of habitat use using continuous data, the result of the DFA for the whole study (Wilks' lambda = 0.926; F 28,883 estimate = 6.75) indicates there were significant differences (P < 0.05) in the topographic characteristics of the habitat used by each deer. All of the variables had significant values. Elevation was the most important for differentiating deer habitat use. According to the square of the Mahalanobis distances, 7 groups were formed: Yellow, Beige, Brown, and Turquoise; Beige, Yellow, Gray, and Red; Gray, Beige, and Red; Brown and Yellow; Turquoise and Yellow; Green; and Wine. The Wine and Green deer were significantly different from the rest; the former was mainly located at the highest elevations and on steeper slopes relative to the other mule deer studied. Wine deer together with Green deer were located nearest to the body of water. During the dry season, deer were 1,006.88 m mean from bodies of water and during the rainy season 1,164.53 m mean from them. The slope and elevation mean of the deer's locations during the dry season were 2.56° and 1,164.43 m a.s.l. and during the rainy season were 1.97° and 1,158.78 m a.s.l. Sun exposure during the dry season was 336° (Northwest) and during the rainy season, it was 338° (North).
The DFA for the dry season (Wilks' lambda = 0.859; F 28,625 estimate = 9.558) and the rainy season (Wilks' lambda = 0.916; F 20,234 estimate = 3.144) indicate significant differences (P < 0.05) in the topographic characteristics of the habitat used by the different deer. During the dry season, 5 groups of individuals could be distinguished based on their similarity in habitat use, and all of the variables were significant (P < 0.05) according to the square of the Mahalanobis distances: Brown and Yellow; Turquoise and Beige; Red and Gray; Wine; and Green. However, during the rainy season, sun exposure was the only statistically significant variable (P < 0.05), and during this season 4 groups of deer formed, with some of the deer present in different groups: Yellow, Gray, and Turquoise; Gray, Yellow, Beige, and Wine; Turquoise and Yellow; and Wine and Brown.
During both seasons, Gray was only different from some of the females in his use of topographic characteristics such as the distance to the nearest body of water but was not completely different from all of the females.
Regarding habitat use evaluated via plant associations, we found a relationship between the deer and their use of vegetation during the study (χ 2 = 469.52, P < 0.05). Over the course of the study, we recorded all of the plant associations being used with no pattern of preference by the deer (by sex or as a group) for any particular plant association (Fig. 2) . The greatest preferences were observed for 3 different associations (Lt Aa and Fs, Pg Hm and Lt, Vca), but only by 2 of the 8 deer in each association (Gray and Green, Brown and Wine, and Gray and Wine, respectively). The plant association that was most avoided was Pg Hm and Lt (Beige, Gray, Red, and Turquoise; Fig. 2 ). Gray had the most preferred plant associations (4) compared to the females; however, some of the associations Gray preferred were also preferred by the females.
During the dry season (χ 2 = 404.76, P < 0.05) and the rainy season (χ 2 = 270.81, P < 0.05), we detected a relationship between individual deer and their use of the vegetation, and records of each of the plant associations being used. The greatest preference based on use by the deer during the dry season was for the Pg Hm and Lt plant association (preferred by Yellow, Brown, and Green), and this association was also the one most avoided (Beige, Gray, Turquoise, and Wine; Fig. 3 ). During the rainy season, Pg Hm and Lt was again the most preferred association, but only by 2 deer (Brown and Wine), and was also the most avoided during this season (Beige, Gray, and Turquoise; Fig. 3 ).
discussion
Home range.-The estimated sizes of home range in our study fall within the range reported in previous studies done in arid and semiarid regions of the United States, which are from 2 to 39 km 2 in area (Hayes and Krausman 1993; Fox and Krausman 1994; Relyea et al. 2000; Brunjes et al. 2009 ). In the Sonoran Desert in Mexico, Alcalá-Galván and Krausman (2013) reported home range sizes of 27.3 km 2 for western Sonora and 14.5 km 2 in central Sonora. While the home range estimates of our study fall within the reported range for the species, they are at the lower end of these estimates.
For other populations of mule deer, smaller home range sizes have been documented during the rainy season than during the months of the dry season (Fox and Krausman 1994; Brunjes et al. 2009; Alcalá-Galván and Krausman 2013) ; however, in our study, there was no significant difference between season leading us to reject our initial hypothesis; however, it is possible that our sample size, along with individual variation, influenced the results of the statistical analysis.
Habitat use.-In the Chihuahuan Desert, mule deer make different use of the characteristics of the habitat, moving seasonally between areas of favorable microclimates and foraging for resources in order to maximize gain or minimize maintenance costs (Geist 1981) . This result was observed at the level of the individual also, reflecting the preferences in resource selection by each deer. Although the differences that we detected in the characteristics of the land used by mule deer between the dry and rainy seasons were small, several studies report similar variation in use between seasons. Deer tend to use sites with steeper slopes and higher elevation that are closer to bodies of water during the dry season (Krausman and Czech 1998; Gallina 2000a, 2000b; Avey et al. 2003; Marshal et al. 2006; Shields et al. 2012) . Using sites with steep slopes and obstacles provides protection from the heat during the dry season. Such sites also function to facilitate escape from predators (Geist 1981 (Geist , 1998 . During this study, we recorded a higher number of deer on slopes with a northwest orientation, indicating that the deer search for sites that are less exposed to the thermal conditions of desert regions. The distance of a deer to the nearest body of water during the dry season is important because, although mule deer do not need to find water every day, they do not appear able to endure long periods without water (Geist 1998; Heffelfinger et al. 2006; Alcalá-Galván and Krausman 2013) .
In addition to individual decisions, differentiation in habitat use between individual deer can also be affected by belonging to different family groups. Seven of the 8 deer that we tracked using radiotelemetry stayed together during the dry season, mainly during mating (according to our observations and examination of location records); however, over the course of the study, the same individuals did not always make up the same group and on some occasions they were found in different groups. Wine deer was never recorded with any of the other 7 deer we tracked, explaining the marked difference for this female from the other deer. We attribute this to the Wine deer belonging to another family group. It is known that the home ranges of different groups of mule deer can overlap, especially at feeding sites or where there is available water (Mackie et al. 2003) .
We found that the plant associations affected the distribution of deer throughout their habitat; however, for the group of deer we sampled, there was no preference for any particular type of plant association and the observed differentiation in the use of plant associations was a function of the preferences of each individual. In a study conducted in the same area than our study, higher densities of deer (based on fecal pellet counts) were recorded in the Lt Or and Fs, and Pg Hm Lt and Or plant associations, which the author referred to as rosette desert scrub (matorral desértico rosetófilo-Cossío-Bayúgar 2015), though our results indicate that the majority of the deer use these plant associations based on their availability.
The most notable use of a plant association by the deer (both preference and avoidance) was recorded in the Pg Hm and Lt association. This plant association occurs in areas with very low plant cover and no slope except for small hills, though there may be patches of arch-shaped vegetation whose main axis is always perpendicular to the slope. These patches of vegetation are locally known as mogotes and are characterized by the species Prosopis glandulosa, Hilaria mutica, Larrea tridentata and Prosopis glandulosa (Montaña and Breimer 1988) . The vertical and horizontal cover created by these vegetation arches is greater than that of any other type of plant association and is the reason we attribute the deer's preference for the Pg Hm and Lt association to their use of these formations mainly during the rainy season, which coincides with the birthing season of the deer (Geist 1981; Hungerford et al. 1981) . This pattern was consistent with the observations made by locating and following some females, in addition to finding the cadaver of a female with a collar in a mogote (predation not observed; cause of death unknown), together with the body of the fawn to whom she had just given birth. This may indicate that females use the mogotes to give birth and hide their offspring, as they offer protection from the heat and from predators (Fox and Krausman 1994; Tull et al. 2001; Alcalá-Galván and Krausman 2013) .
Sexual segregation in cervids is very marked; males and females make differential use of the habitat (Geist 1981; Main and Coblentz 1996; Mysterud et al. 2001; Beest et al. 2011) . After the 1st year of life, male mule deer are expelled from the family group by the females and, unlike young females, they require several years to find and occupy a suitable home range (Geist 1981) . In some areas, the home ranges of the males are located on the peripheries of the females' home ranges or overlap with feeding sites and those where there is water. With the beginning of the mating season, males tend to disperse into the home ranges of the females (Geist 1981; Mackie et al. 2003) . The male deer in our study was young. We started tracking him before he was a year old, when he was still in a family group and stopped tracking him in approximately his 3rd year. Over this period, we observed the male separate from his family group and return to them during the mating season (dry season); however, he remained primarily in the same geographic area as the females. Our results show that his habitat use was similar to that of the females during the 1st years of his life. There was no difference among females in their use of the landscape with respect to its characteristics; however, the male exhibited a preference for a greater number of plant associations than the females did and for some plant associations that no females preferred, though they did use them according to their availability. We attribute these differences to individual preference rather than any difference between the sexes.
Habitat use and selection by the individual deer that make up a population differ even when they occupy the same area. In mule deer, these differences have been associated with factors such as the sex and age of the animal (Relyea et al. 2000; Mysterud et al. 2001) , mating season (Geist 1981; Hungerford et al. 1981; Leopold 1984) , seasonality of the environment (Fox and Krausman 1994; Brunjes et al. 2006; Marshal et al. 2006; Alcalá-Galván and Krausman 2013) , and individual behavior (Anderson and Wallmo 1984) . It is necessary to take individual variability into account when making predictions about conservation and management of wildlife populations (Shields et al. 2012) , so that the full range of individual needs are addressed. Future studies in the Chihuahuan Desert should incorporate both landscape heterogeneity as an important element in evaluating habitat use and movement around the landscape by mule deer, and also how restricted access to suitable habitat can affect their populations.
Management implications.-The study of habitat use is very important because it allows us to establish the factors that determine the presence and persistence of individuals of a species. For the mule deer of the Chihuahuan Desert, the representativeness of the all types of plant associations should be considered, especially in sites with topographic characteristics that the species selects. These sites may include combinations of characteristics, such as proximity to bodies of water, topographic formations that offer thermal protection, escape routes, protection from predators, and safe places for raising offspring. In addition, it should be remembered that the selection of a habitat, specifically the combination of characteristics, varies in time and between the members of a population; therefore, the selection varies between each individual during and between seasons and physiological states (i.e., mating and raising offspring). This variation in requirements for an optimal habitat of mule deer may cause interactions with other species, such as cattle; these interactions can affect populations of mule deer. Both species could be competing for resources (e.g., food, refuge) at a given moment in time when their physiological or behavioral requirements demand them. Agencies should take this into account in order to manage both the cattle and the deer properly within the reserve and allow the mule deer to thrive.
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